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President-J. ALFRED LEE, F.F.A. R.C.S., D.A. Meeting February 5, 1960 Obstetric Analgesia Based on Pethidine-Antagonist Mixtures [Abridged] By JOHN BULLOUGH, M.B., F.F.A. R.C.S. Dartford IN this country the great majority of labours are conducted by midwives. Any method of relieving pain in childbirth, to be of real value, must be suitable for their use. I will confine myself to such methods.
The work described here was carried out at the Maternity Unit, West Hill Hospital, Dart- ford, Kent, with 53 beds. 1,500 mothers are delivered annually; 92% of these are booked cases; 64% are primigravide; while 55% are abnormal in some way.
Until 1954 analgesia was based on the inhalation of gas-air from Minnitt's apparatus. Chloral was the routine sedative in early labour; pethidine in 100 mg doses in late first stage. 80% of all cases received 100 or 200 mg of pethidine, which is the maximum allowed for use by midwives without special permission.
The disadvantage of pethidine is that with this dosage only half the mothers experience good analgesia. If higher doses are used there is an increasing risk to the baby, as the drug crosses the placenta and causes depression of respiratory reflexes at birth.
With the introduction of the specific opiate antagonist nalorphine (n-allylnormorphine, Lethidrone) pethidine-induced respiratory depression need no longer be feared. This drug can prevent or correct respiratory depression due to morphine, pethidine, or other opiates, (but not that due to other drugs). In obstetrics the drug may be given to the mother a sufficient time before delivery to allow transmission to the baby (Eckenhoff et al., 1953) ; or it can be given to the baby if he fails to breathe in a reasonable time after birth (Eckenhoff et al., 1953; Paterson and Prescott, 1954) . Both methods give good results, but are unsuitable for routine use by midwives.
In 1952, when I first used nalorphine, a third possible way of using the drug occurred to me, namely, to mix it with pethidine, before injection, in an amount sufficient to neutralize the respiratory depressant action of the latter. I hoped to find a drug mixture which would produce analgesia without respiratory depression. Such a preparation would be unique.
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Clinical Studies
I carried out studies for two years before such a mixture was used in obstetrics. Respiratory measurements in lightly anesthetized subjects were made with (1) spirometric tracings (Bullough, 1958 (Bullough, , 1959a and (2) minute-respiratoryvolume charting, using a non-rebreathing technique (Bullough, 1955) , or a ventilation meter and stopwatch. Continuous analysis of end-tidal gases for carbon dioxide concentration (Nunn and Pincock, 1957) was done later.
To find the least amount of antagonist which neutralized the respiratory depression caused by pethidine or similar drug the following techniques were used: (1) A dose of pethidine was given to produce respiratory depression, then fractional doses of antagonist were given until respiration returned to the control level. (2) A dose of antagonist was given, followed by fractional doses of pethidine until respiratory depression appeared.
(3) Mixtures of the two drugs, based on the results of the two previous methods, were used by intramuscular or continuous intravenous injection, or both, and any respiratory effects noted. Analgesic and narcotic activity were also recorded.
There are a number of difficulties in the interpretation of such studies (Bullough, 1959a) but the main conclusions are clear.
Results of Clinical Studies
Pethidine in analgesic doses always depresses respiration, primarily by slowing the rate. 100 mg intramuscularly starts to act in four minutes, respiratory depression is at its maximum after fourteen minutes, and some effect is still present forty-five minutes later. Repeated doses have a cumulative effect on respiration; this is one of the main disadvantages of the drug. The depression from 100 mg pethidine is prevented by the previous administration of 5 mg nalorphine; or corrected by this dosage if given afterwards, but the antagonist is more effective if given first.
Rapid intravenous injection of a mixture of pethidine 100 mg and nalorphine 5 mg causes a short depression lasting three to six minutes. Pethidine acts first, and is quickly neutralized. This dose of pethidine alone would almost invariably cause respiratory arrest for some time during anesthesia. Intramuscular injection of this mixture causes sedation and analgesia without detectable respiratory depression on single or repeated doses. This mixture was extensively used as premedication, as a supplement to nitrous oxide anasthesia, and to relieve various types of pain. Provided this amount of antagonist is not exceeded there is little, if any, observable loss of analgesic effect.
A patient who has received the mixture differs from one who has received pethidine alone in that there is more drowsiness, less euphoria, the face is less pink and may be pale, the peripheral veins are less dilated, the pupils are less constricted, respiration and cough reflexes are not depressed.
In 1954 I suggested that the pethidine-nalorphine mixture should be used in obstetrics. With the full co-operation of the medical and maternity staff-to whom my thanks are due-trials were started. For four months half the patients received the mixture, the remainder pethidine alone. The results in 375 cases were collected by my registrar and published (Baker, 1957) . The mixture was found to be superior to pethidine in all respects both for mothers and babies.
For two and a half years thereafter all patients received the mixture (2,500 cases). Comprehensive clinical data were recorded on specially prepared forms (42 items) by two specially appointed senior midwives. They obtained information from case-sheets, midwives conducting the labours, and from the patients at interview the day after delivery.
The data from 1,300 consecutive patients receiving the mixture and from 265 patients receiving no pethidine were subjected to statistical analysis to determine whether the mixture affected the baby. It was concluded that there was no significant effect on the baby in normal or abnormal cases, irrespective of whether the pethidine mixture had been given in low or high dosage. In contrast to these findings pethidine can be shown to affect the baby, especially when given in high dosage to the mother (Paterson and Prescott, 1954; Roberts et al., 1957) .
The midwives were encouraged to use the mixture freely to promote good analgesia and sedation; the average dose of pethidine per patient rose from 170 to 218 mg. This was partly due to its more common use in patients in whom some difficulty was expected, as it was later found that in the early cases pethidine had often been withheld for fear of the effect on the baby (see Table I : the "pethidine only" series has a low proportion of abnormal cases and a low incidence of operative interference; there is a high figure for the latter in the "no pethidine" series).
Levallorphan.-In 1957 a second antagonist became available, levallorphan (Lorfan). This drug bears the same relationship to the analgesic levorphan (Dromoran) as nalorphine bears to morphine. I investigated and used the drug clinically in the same way as nalorphine.
The main difference between the two antagonists is as follows: levallorphan is a more potent respiratory antagonist, so that less is required (approximately 1 25 -1 5 mg to neutralize 100 mg pethidine); in this dosage it causes less drowsiness than nalorphine, has no analgesic action of its own (as nalorphine has) and is longer-acting.
In the first instance I used, for obstetrics, a mixture containing pethidine 100 mg and levallorphan 2-0 mg-a ratio of 50/1. Although this mixture contains an excess of antagonist the results in 129 consecutive cases were very satisfactory, especially as regards the babies (Bullough, 1959b) . The average dose of pethidine in this series was 240 mg.
I was later invited to conduct trials with a mixture containing pethidine 100 mg and levallorphan 1 25 mg-a ratio of 80/1 (Pethilorfan). This preparation has been in continuous use since 1958. It has been used in 2,500 obstetric patients (involving 12,000 injections), and is in routine use as premedication, as a supplement to nitrous oxide anesthesia, and for the relief of pain when respiratory depression is to be avoided. Obstetric Analgesia: Results
The following series of cases were compared on the usual criteria (Sturrock, 1939) . Pethidinenalorphine (5 mg) mixture, 1,030 cases; pethidinelevallorphan (1 -25 mg) mixture, 700 cases; pethidine alone, 297 cases; no pethidine used, 283 cases. The last were mostly patients coming into hospital late in labour, i.e. too late for an injection of analgesic to be given. In each series the dose of pethidine was always 100 mg per injection (Table I) .
In selected primigravidae with reasonably normal labours, the mean dose per patient has only risen in the most recent series, largely as a result of the drug being given earlier in labour, since the dosage per hour has not changed. Maternal analgesia, amnesia and co-operation were better in the antagonist series, usually significantly so by statistical tests. This is because a good effect from the injections leads to better results from gas-air inhalation, and to better co-operation, provided the patient is not 12 7 12-5 12 7 7-2 12* 12* 10 1 9 60 62 57 46 9-6* 8-7* 4-1 2 5 9 2-9 14-7 3-8 8-2 9 0 4-4 13-2 1-4 1-2 Results of statistical analysis where there are sufficient cases to be compared are given as follows on X' test: * Not significantly different from pethidine series. t Significantly better than pethidine series; P = 0 05-0 02.
: Very significantly better; P = 0-01. § Very highly significantly better; P = 0 001. CLASS IV Depressed at birth; died within forty-eight hours.
CLASS V Stillborn.
For comparison of drug action the clearest picture is obtained by studying Class I and Class HI babies. Ftetal deaths are almost invariably associated with some definite obstetric, ftetal or placental abnormality, and proved of no value for comparison in these series; the majority occurred in the series receiving no pethidine. over-sedated. Improved amnesia is probably attributable to the weak narcotic effect of the antagonists, especially nalorphine, as pethidine itself has almost negligible amnesic effects (Barnes, 1947) .
There is no significant difference in the effects on the uterus. There is, however, a suggestion that pethidine can accelerate the second stage and delay the third stage of labour and that this effect is reversed by the antagonists.
Pethidine alone has an effect on the baby, particularly in dosage over 200 mg, delaying onset of breathing and leading to need for more treatment; this effect is largely abolished by the antagonists. Contrary to general belief the greater effect on the baby occurs when the last dose has been given over three hours before delivery (this can be shown to be statistically significant, P = 0 1 -0 01). These findings are in line with those of Roberts et al. (1957) and Posner (1960) .
There were insufficient forceps deliveries, stillbirths and neo-natal deaths in these series for statistical comparison. Similarly the CQsarean section rate showed no change or any connexion with the use of these drugs.
The number of deliveries in the department has increased from 1,000 in 1952 to 1,500 per annum at present, and the proportion of abnormal cases has also increased. In spite of this there has been no evidence of ill-effects on the baby, nor of increased operative interference. This has been achieved in association with a 40 % average increase in dosage of pethidine per case, with correspondingly better analgesia for the mothers (Fig. 1 ). 
Year
Present Method of Pain Relief in Childbirth
As a result of seven years' study and practice a new method of pain relief in childbirth has evolved, for routine use by midwives, which is based on repeated injections of a pethidineantagonist mixture. Each dose contains 100 mg of pethidine. The first dose is given at about 2 fingers dilation of the cervix; the second dose one hour later. Further doses are given as required every two to four hours to maintain good analgesia. The anticipated time of delivery is ignored. Later, supplementation is with gas-air, or, when indicated, trilene-air inhalation from an approved apparatus. When additional sedation is required, a single injection of a phenothiazine derivative is ordered by the obstetric staff (usually chlorpromazine 50 mg intramuscularly). This is almost invariably for some obstetric abnormality. This method gives excellent results in 40% of all patients, satisfactory results in a further 520%, and only 8% fail to appreciate it.
The condition of the babies at birth is better after using high doses of the mixtures than after even low doses of pethidine alone-as at present used by midwives generally (see Table I ).
Further use of these mixtures is recommended. Dr. Bullough's results seemed to provide some further information on the vexed question of whether levallorphan antagonized not only the respiratory depressant effects of pethidine, but also its analgesic ones. The fact that substantially larger doses of pethidine in shorter intervals of time were used in his cases than was normally done, seemed to indicate that the reduction of analgesic potency by levallorphan was considerable. Dr. Bullough nevertheless had shown that it was possible to mix levallorphan and pethidine in proportions which left respiratory activity adequate yet provided an acceptable degree of analgesia.
Dr. J. Selwyn Crawford (Leeds) said that Dr. Bullough's well-documented figures represented the third indication Colburn and Salzman, 1960 ) that infants of mothers who received pethidine or pethidine-levallorphan three to four hours prior to delivery were more likely to be depressed than were those whose mothers received these drugs one-half to two hours before delivery. This response demanded immediate investigation. It might reflect a differential rate of metabolism of the drugs, or possibly a differential rate of return of the two drugs from child to mother.
Little was known of the way in which the depressed feetus could deal with any drug which it received via the placenta, and the unbridled administration of narcotic/antagonist mixtures during labour must not be encouraged. Dr. Crawford was disappointed by the continued use of the terms "white asphyxia" and "blue asphyxia". Surely by now anxsthetists should give the lead to clinicians by employing the Apgar scoring system (Apgar, 1953) .
At least one phenothiazine derivative (Phenergan) crossed the placenta in appreciable quantities (Crawford, 1960) , and Dr. Crawford urged that whenever one of these drugs was administered during labour, precautions should be taken to reduce the concomitant dose of narcotic or to increase the dosage of associated narcotic antagonist. uterine action but no definite change was shown in the few recordings made.
She thought Apgar's method of assessing the condition of the newborn was impractical for a midwife working on her own, as an independent observer with a stop-watch was required.
It was known to psychiatrists that the phenothiazine derivatives might help abnormal patients but make normal ones feel worse. Mothers who wanted to be more or less in possession of their mental faculties might dislike the effect of these drugs. She agreed that the "psychological aspect" was important, but interpreted it to mean supplying some of the patient's basic human needs of encouragement and understanding, not simply administering confusional drugs. What was needed was more efficient analgesia, not so much for mothers delivered in hospital, for whom many resources were available, but for those in the care of domiciliary midwives who were restricted in the use of pethidine by statutory regulations. Dr. Bullough had made a valuable survey and although more work still needed to be done on the antagonists, he had shown the possibility of their being the means of midwives being allowed a freer use of pethidine, and of having at their disposal more effective analgesia.
Dr. W. N. Rollason (Aberdeen) said that Dr. Bullough had mentioned that in 20% of his cases extra sedation was required and in these cases he gave 50 mg of chlorpromazine intramuscularly. He did not state whether or not the baby was more depressed in these cases but the literature on this drug has implied that it does not cause feetal depression. Dr. Crawford, however, said that this drug crossed the placental barrier readily and in fact could depress the foetus. This accorded with his own limited experience. It would appear that further controlled studies were required before chlorpromazine could be recommended for routine use in obstetrics. Dr. D. A. Buxton Hopkin (London) said that successful obstetric sedation involved more than the relief of pain by opiates, for many women came to their labour in a highly charged emotional state.
A similar state of tension arising from any other cause would be treated with one of the "tranquillizing" drugs which promoted emotional indifference so that the patient "no longer attends to her environment" (Weiskrantz, 1957) . Promethazine, which combined such properties with hypnotic and antiemetic effects, had been used for obstetric sedation for over five years at the Annie McCall and Lambeth Hospitals with gratifying results.
Early in labour amylobarbitone (gr iii) and promethazine (25 mg) had replaced chloral. Distress was relieved and a restful sleep induced in 90% of patients who often woke refreshed with labour well established. The vomiting rate of 25 % after chloral was reduced to 3 5 %.
When labour was well established the mother received an intramuscular injection of 50 mg promethazine together with 100 mg pethidine. Further pethidine was given if necessary but the promethazine was not repeated for about six hours.
The records of 500 patients receiving added promethazine were compared with 350 receiving pethidine alone. The added promethazine did not add to the complications of labour in respect of either mother or child.
Acute distress on admission (which was nearly always associated with a first stage of over twentyfour hours) was completely relieved in 90% of patients (total 102) whereas pethidine alone was ineffective in 32 of these women who, however, became calm and relaxed after a subsequent injection of promethazine.
The condition of the infants at birth was consistently better when promethazine was used. Those classified as "poor" constituted only 2% compared with a figure of 6% for those receiving pethidine alone. In this respect promethazine was an effective morphine antagonist with added anti-emetic and sedative properties not possessed by nalorphine and levallorphan. REFERENCE WEISKRANTZ, L. (1957) In: Psychotropic Drugs. Eds.:
S. Garattini and V. Ghetti. London; p. 67.
Mr. Gilbert DaHley (London) emphasized that Dr. Bullough's method was one which could safely be used by midwives on their own initiative; they were at present restricted to 200 mg of pethidine. From clinical observation (this work was done in his unit) he could support the statement that babies born to mothers who had been given antagonist mixtures did not suffer from respiratory depression. In some places, antenatal education might be deficient leading to tension and fear in the unprepared mother, who consequently needed sedation as well as analgesia. But education was not the complete answer, as hitherto enthusiastic disciples of the Dick-Read method frequently found: because this depended on a personal fixation on the obstetrician and was so time consuming that it was not a practical proposition for hospital patients. Dr. Bullough, in reply to Dr. Bodman, said that his present conclusions were that antagonists should be added to pethidine in the least amount to neutralize respiratory depression when the mixture was given intramuscularly and that this mixture could be used freely throughout labour to maintain good pain relief without endangering the baby. The methods of finding such mixtures had been described. The weak narcotic action of nalorphine had been described by others, e.g. Eckenhoff and Funderburg (1954) . The method of assessing obstetric analgesia was the same as used by other workers; over 300 of the cases were observed and assessed by doctors (Baker, 1957; Bullough and Tomlin, 1959) . He knew of no more satisfactory method.
In reply to Professor Mushin: If excess antagonist were given there might be loss of analgesia. In the ratios described there was no evidence of loss of overall analgesic and sedative effect, rather the opposite. Higher dosage of the mixtures had been used as definite policy to produce better results for the mothers. The dosage in mg per hour had not actually increased. His findings were in line with those of Roberts et al. (1957) .
In reply to Dr. Crawford: The term "white asphyxia" was still widely employed. In obstetrics the term asphyxia, anoxia, shock and depression were habitually used to describe the same condition, as the precise cause was often unknown at the time. He agreed with Dr. Ransom's criticism of the Apgar rating.
In reply to Dr. Rollason: He did not recommend the routine use of phenothiazine drugs in normal cases at present. They were ordered by the obstetricians for obstetrically abnormal cases, most commonly hypertension, toxemia, and some forms of inertia.
Additional sedation was not usually required in normal cases. At present he could not say what effect chlorpromazine had on the baby.
In reply to Dr. Hopkin: Dr. Hopkin's clinical material at Lambeth was quite different, apparently, from that at Dartford; thus any findings were not comparable without selecting cases. Dr. Bullough had suggested to his colleagues the use of promethazine in certain types of case, but they appeared to prefer chlorpromazine. Using the respiratory methods described earlier he had so far been unable to show that promethazine had any effect in the prevention or correction of pethidine-induced respiratory depression. Any beneficial effect on the baby would be due to some other mechanism.
